New methods for adapting in-vitro grape plants to in vivo conditions were developed. The use of growth regulators (6-BAP, 2iP, kinetin) enhanced rhizogenesis and increased the in-vitro plant reproduction coefficient. Lignohumate had a positive effect on plants and increased the leaf area and plant height 30 days after adaptation (concentration of 1.0 g/l). The use of the developed elements of clonal micro-reproduction and adaptation made it possible to significantly increase the reproduction factor, improve the quality of planting material, reduce costs of plants and increase profitability.
Introduction
Grapes is one of the most popular crops, both in the processing industry and consumption. However, there is no enough planting material of grapes. In the last decade, very few promising domestic varieties were included in the State Register of Reproduction Achievements of the Russian Federation. There are few new varieties due to difficult reproduction of grapes. Therefore, clonal micropropagation is the only effective way to obtain a root material of this plant. However, despite advances in the in vitro development, some valuable varieties have a low reproduction rate and poor viability for adaptation. Reliability of a reproduction factor is a crucial task.
The regeneration potential depends on hereditary characteristics and the phytosanitary and physiological state of the original plants. Preliminary preparation of mother plants for vegetative reproduction is very promising, especially for clonal micropropagation of grapes. According to most of the researchers, one of the most laborious and vulnerable stages of clonal micropropagation is adaptation of regenerants to non-sterile conditions: the share of dead in-vitro plants can reach 50% or more. Poor development of the aerial parts and roots makes it impossible to grow quality planting material in a short time. This refers to difficult-reproduce and slow-growing varieties. High sensitivity of microplants to stress and large attacks on adaptation make it necessary to look for ways to increase their survival rate under stressful conditions and activate growth processes at the early stages of rearing. Earlier the laboratory of viticulture used biologically active substances for treating green cuttings of garden plants at the root formation stage. We hypothesized that the use of growth regulators with cytokinin activity, as well as humic substances, environmentally safe mycorrhizal and adaptogenic drugs, may facilitate transition of regenerants to independent mineral nutrition and photosynthesis under aseptic conditions, reduce losses of grapes and accelerate their growth after in vivo transplantation.
The object of research is new varieties of grapes included in the State Register.
Optimization of the conditions and methods of in-vitro cultivation will accelerate development of varietal technologies of accelerated reproduction and introduce new varieties into production.
The research purpose is to optimize the technology of clonal micropropagation and methods for adapting new grape varieties to non-sterile conditions. The tasks of the research are to obtain a healthy planting material, introduce a planting material certification system used in European countries, and improve the invitro technology of plant adaptation to in vivo conditions. The use of the developed elements of clonal micropropagation of grape varieties increased the yield of high-quality planting material, reduced the cost of plants and increased profitability. Plants grown using biotechnological methods were used as mother plants.
Materials and Methods
The purpose of the work is to optimize the technology of clonal micropropagation and methods for adapting new grape varieties to non-sterile conditions.
Intensively growing green shoots of grapes were used. The plant explant was sterilized in a 2 % sodium hypochlorite solution before isolation. Sterilized organs were placed in a sterile Petri dish. Before isolation, the outer chests were removed from the apex of the ocellus, successively exposing the apical meristem with primordial leaves.
This operation was performed using a dissecting needle under a MBS-10 stereo-scopic microscope installed in a dustproof chamber (a laminar box). The meristems (200--600 microns) were isolated with a special preparation needle and immediately placed on the surface of the agar medium in Petri dishes, which were placed in the culture room with appropriate conditions: illumination of 3...4 thousand lux, temperature of 27...28 ∘ C, relative air humidity of 65...70 %. The modified MS (Muraseige and Skoog) nutrient medium with vitamins was used: tiamin 1 mg/l, pyridoxine 1 mg/l, nicotinic acid 1 mg / l, meso-inositum 50 mg / l, cytokinin BAP (benzyl-aminopurine) --2 mg/l, carbon source (sucrose) --2 %, agar --0.7 %, and pH --6.4...6.5.
Intensively growing green shoots of grapes were cut into single-eye cuttings and meristems were isolated in laminar boxes. The following varieties were used for the experiment purposes: Rkatsiteli, Platov Jubilee, Flamingo, Nadezhda Azos, Avgustin.
6-benzylaminopurine (6-BAP), 2-isopentyl-adenine (2iP), kinetin and lignohumate were used as growth regulators.
Cultivation of plant material was carried out in Petri dishes and in test tubes of 40
x 120 mm in size, containing 20 ml of nutrient medium. Explant transplantation was performed taking into account the following indicators: survival of the apical meristem and single-eye transplants, growth rate of the explants, development of the root system.
Results and Discussion

Plant regeneration from the apical meristem
The studies showed that at the first stage of cultivation, the meristems developed into a cluster of shoots of 2...2.5 mm in size. These cluster shoots were re-transplanted onto the nutrient medium. Transplantation was carried out in biological tubes. These plants were cut and clones were obtained.
The meristems were isolated from the intensively growing green shoots using the above method. In late May, Nadezhda Azos, Platov's Anniversary, and Flamingo were sterilized. Apical shoots (2--4 eyes) were isolated and planted in the nutrient medium.
Rkatsiteli was taken from the collection of the experimental plot. The highest share of infected meristems was observed for Platov's Anniversary and Nadezhda Azos (Table   1) . A high share of survived apical meristems was observed for Rkatsiteli and Flamingo.
The survived apical meristems developed into a cluster of shoots of 2...3 mm in size which were transplanted to the nutrient medium with changes in some components in the nutrient medium. Transplantation was carried out in biological tubes 40 × 120 mm in size.
At the stage of cluster shoot transplantation, the survival rate is quite high with the exception of Nadezhda Azos (Table 2 ) with a high share of infected shoots. Within 40...50 days, regenerants of 6...10 cm in size developed. The next stage was microclonal propagation. Regenerating plants were cut into fragments that included a node with a leaf and a bud (the lower part of the internode is 1...2 cm longer than the upper one).
The microcurrents were incubated in biological tubes of 40 × 120 mm in size in the agar medium so that the lower part of the internode was immersed in the agar. The tubes were covered with foil and placed in the culture room with appropriate conditions.
Summarizing the results, it should be noted that even a low survival rate for apical meristems makes it possible to cultivate and reproduce them to produce healthy plants. 
Use of growth regulators in vitro
According to [1--3, 7, 8] , the efficiency of clonal micropropagation of grapes depends on varietal characteristics. Most researchers used the Murashige-Skoog medium [1, 4--6] or its modifications, and BAP at the concentration of 0.5…3.0 mg / l [1, 7, 9] as a growth regulator.
In order to increase the reproduction factor, two variants of growth regulators were studied --BAP combined with 2iP and BAP combined with kinetin. The modified
Murasige-Skoog medium supplemented with BAP at the concentration of 0.5 mg/l and 1.0 mg/l was used for control. Single-eyed microcurrents of Augustine and Nadezhda Azos were planted in the experimental media. The duration of cultivation was 4 weeks.
Then the reproduction factor and the average length of the shoots were determined (Tables 3, 4 ). Table 3 shows that the presence of 2iP in the nutrient medium had a negative effect on development of additional shoots in grape explants, reducing both the reproduction factor and the average length of the shoots. For example, with the same BAP concentration of 0.5 mg/l, the reproduction factor of Augustine decreased from 2.5 to 1.9; of Nadezhda Azos --from 2.7 to 1.9. A further decrease in the reproduction factor was observed in the variants when using a combination of 6-BAP and 2iP at a concentration of 1.0 mg/l. In the BAP medium, in the control variants, the reproduction factor was more than twice as high as in the experimental variants.
The presence of kinetin combined with BAP in the nutrient medium had a positive effect on the development of explants. At the BAP concentration of 0.5 mg/l, the presence of kinetin (0.5 mg/l) provided the maximum reproduction coefficient for both grape varieties (2.9) and slightly decreased the average length of the shoots. At the BAP concentration of 1.0 mg/l, the presence of kinetin did not reduce the reproduction factor for Augustine as compared with the variant without kinetin. When cultivating Nadezhda Azos explants, a slight decrease in the reproduction factor was observed --by 11 % (kinetin 0.25 mg/l) and 20 % (kinetin 0.5 mg/l). Thus, at the micropropagation stage, it is advisable to use BAP and kinetin at concentrations of 0.5 mg/l which provides the maximum reproduction factor. 
Adaptation of in-vitro grape plants in vivo conditions
At the plant adaptation stage in ex-vitro conditions, the study of the effect of potassium lignohumate is associated with a number of its positive properties, including the ability to increase plant resistance to adverse environmental factors. The shoots were treated with an aqueous solution which was used for watering the substrate immediately after transplantation. To identify the optimal effect, different concentrations of the substance were studied. Water was used for control. The data obtained are presented in Table 5 . Table 5 shows that lignohumate had a positive effect on plants, especially on their leaves and height (at the concentration of 1.0 g/l).
During adaptation to low air humidity, slight decay and drying of the edges of leaf blades were observed. This was characteristic of lower leaves which find it difficult to rebuild the transpiration system. When using lignohumate (especially at 1.0 and 2.0 g/l), the desiccation of leaf blades was observed less frequently. Plants adapted to lower air humidity better and were stronger and greener. All this increased their survival rate.
In general, the results of this experiment indicate a positive effect of lignohumate (1.0--2.0 g/l) on increasing the viability of adaptable Augustine grape plants. 
Conclusion
The research proved that it is possible to reproduce grape varieties by in-vitro isolation of tissues and organs due to the high potential of grapes for vegetative reproduction in general and for microclonal in particular.
The survival rate of the apical meristems (10--12 cm) makes it possible to cultivate and propagate them (by replanting) and obtain virus-free planting material.
6-BAP at the concentration of 0.5... 1.0 mg/l is the most efficient growth regulator. For mass reproduction of shoots (of one-eye explants), 6-BAP concentration of 2 mg/l was optimal.
The presence of kinetin in combination with 6-BAP in the nutrient medium had a positive effect on explants. Thus, at the 6-BAP concentration of 0.5 mg/l, the presence of kinetin (0.5 mg/l) provided the maximum reproduction factor for the tested grape varieties. To improve the adaptation of invitro plants of the vineyard to non-sterile conditions, as well as to increase survival and improve the quality of plants, it is necessary to use potassium lignomate (1.0 g/l).
